The present study aimed to assess the effectiveness of a multicomponent cognitive training using training of executive functions, attention, memory and visuospatial functions (TEAM-V) Program on cognition, mood and instrumental activities of daily living (IADL) among healthy older adults living in community. Using a single-blinded randomized controlled design, 80 participants were randomized to the TEAM-V or control group. The TEAM-V intervention was conducted for 5 sessions, with 2-week intervals between each session. The Thai version of the Montreal Cognitive Assessment (MoCA), the Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADAS-cog), the Thai version of the Hospital Anxiety and Depression Scale (HADS) and the Chula ADL were used to assess at baseline and 6 months. Participants receiving the TEAM-V Program were associated with significant improvement in MoCA (P=0.03), word recall task (P=0.01) and word recognition task (P=0.01) scores (subtests of ADAS-cog) versus the control. Both anxiety and depression scores decreased in the intervention group (mean + SD: -0.20±2.15 and -0.43±2.17, respectively). In contrast, both anxiety and depression scores increased in the control group (mean + SD: 0.59±1.98 and 0.76±2.17, respectively). IADL scores increased in the intervention group but not in the control group (mean + SD: 0.13±0.61 and -0.05±0.33, respectively). The TEAM-V Program helped to improve global cognitive function, memory, reduce anxious and depressive symptoms and enhance IADL among healthy older people.
Introduction:
Cognitive training is based on the idea that the brain functions, even in old age, can be improved. The training uses guided practice on a set of tasks related to memory, executive function, attention or other brain functions. The goals of the training are to improve or maintain ability in specific cognitive domains [1] . This training can take many formats. For example, it can be conducted among individuals or in groups, either single, e.g., memory or multiple, e.g., memory and executive functions. Moreover, the approach might consider a bottom-up training, e.g., enhancing sensory and perceptual skills to improve higher order processing or topdown, e.g., target mechanisms of cognitive control to improve the systematic problemsolving approach [2] . Many studies have shown that cognitive-based interventions such as group activities and problem solving, reading and computer-based training are associated with better cognitive function and reduced risk of cognitive decline and dementia among healthy older people [3, 4] . Although several studies have proved the positive effects of cognitive training among healthy older adults concerning cognition [5] , little attention has been paid to the effect of cognitive training on mood although depression and anxiety are known to negatively impact cognition and are related to early cognitive decline [6] . Interestingly, cognitive training among people at risk of dementia such as depression and/or minor neurocognitive disorder showed improvements in cognitive and mood functions [7] . In addition, one recent study revealed cognitive training among older people with minor neurocognitive disorder could protect against a decline in mental abilities such as depression and anxiety [8] . However, some cognitive training programs used advanced or expensive technology that would be difficult to apply to some locations such as rural areas in Thailand. In addition, no consensus has been reached regarding which specific cognitive trainings are more effective such as multidomain versus uni-domain; group versus individual settings or number of session.
In Thailand, studies pertaining to cognitive training are conducted mostly among patients with Alzheimer's Disease and only regarding specific aspects of cognition such as memory [9, 10] . In our previous study, a training of executive functions, attention, memory and visuospatial functions (TEAM-V) Program was developed for group-based multicomponent cognitive training. A top-down approach was used for cognitive training in people with mild neurocognitive disorder. The results showed that the intervention group had significantly higher scores than the control group for verbal fluency category [11] . Furthermore, nearly 89.5% and 88.5% of participants reported that the training program had benefit and practical strategies for daily living, respectively [12] . In addition, the program helped to improve global cognitive function and reduce depressive symptoms [13] .
The aim of the present study was to assess the effectiveness of a multicomponent cognitive training using TEAM-V Program on cognition, mood and instrumental activities of daily living (IADL) among healthy older adults living in community. The hypothesis was that individuals receiving the program will have improved cognitive function, mood and IADL outcomes compared with those not receiving the program.
MATERIALS AND METHODS Eligibility criteria and recruitment methods:
This experimental study was a part of the Cognitive Training Program in Healthy Older People Project, conducted by the research team from The Institute of Geriatrics Medicine, Thailand. In this project 217 participants were enrolled from across the four regions of the country. Research sites in each region were led by medical professionals such as geriatrics nurses, receiving training during a four-day workshop, held in February 2017, by the main research team. The workshop covered both clinical and instrumental assessment of cognitive function and method of delivering the cognitive training program.
Participants in this study were from central Thailand; we recruited 98 healthy older participants who visited the Geriatric Clinic, Outpatient Department, Phramongkutklao Hospital, Bangkok, Thailand from April to May 2017. The enrolled participants were aged >60 years and willing to participate in all five activities. The exclusion criteria were: the Thai version of the Hospital Anxiety and Depression Scale (HADS) score higher than 11 on anxiety or depression [14] , the Thai version of Montreal Cognitive Assessment (MoCA) score less than 26 (subjects who achieve scores less than 26 were suspected minor neurocognitive disorder or dementia) [15] , having any conditions affecting participation in program activities, e.g. balancing problems, hearing impairment as well as any psychiatric diseases and neurological problems such as stroke. This study was approved by the Institutional Review Board of the Royal Thai Army Medical Department Ethics Committee as instituted by the Declaration of Helsinki, and all participants were required to provide written informed consent before enrolling.
Study design:
The study employed a single-blinded randomized controlled design. Fig 1 illustrates the timeline of the assessment and intervention procedures. Participants were randomly allocated to either the intervention or control group on 1:1 basis using simple randomization methods. Randomization was conducted by a Clinical Trials Manager who was blinded to patient status throughout the study. Independent teams conducted the administration of the cognitive measures and the training sessions. After providing informed consent, participants were randomly assigned to the experimental or control group. All subjects were given an explanation about the protocol of their allocated group. Those who refused to fully attend all required activities were excluded from the study. Recruitment was continuously conducted until the number of participants reached 40 for each group. 
Description of the intervention:
The control group received standard clinical care from their usual health care professionals. The intervention group received cognitive training using the TEAM-V Program constituting a multidomain cognitive training program consisting of training of executive function, attention, memory and visuospatial function. The training was held from May to July 2017, 5 sessions, with a 2-week interval between each session and 120 minutes per session. Each session involved training of different domains of cognition. The details of each session are shown in Table 1 . The primary outcome was change of cognitive function of participants. To identify changes of global cognitive function, we applied the Thai version of the MoCA to assess various domains of cognition including attention, executive function, memory, language, visuospatial skills, conceptualization, calculation and orientation.
To identify changes of different domains of cognitive function, we applied the main subtests of Alzheimer's Disease Assessment ScaleCognitive subscale (ADAS-cog) as described below [16, 17] .
Word recall task was administered to measure immediate recall memory. The participants were given three trials to remember a list of ten words in block letters on white cards. Scoring was one point for each word if the participant did not remember it. Average total learning over three trials was examined.
Constructional praxis was used to assess visuospatial function. The participants were asked to copy a cube on a piece of paper. Scoring was one point for each error including not threedimensional, the front face in the incorrect orientation, internal lines drawn incorrectly between corners and opposite sides of face unparalleled or unequal in size.
The number of cancellations from part A to C was considered to be a general measure of attention. The participants were asked to cross off as many targets as possible in 45 seconds. Scoring for part A constituted the total correct numbers crossed off, and for part B constituted the total incorrect numbers crossed off and for part C involved the number of times to be reminded to completed the task.
Delayed recall was administered to measure delayed recall memory. The participants were asked to recall as many words as possible from the ten words presented during the word recall task.
The maze test was used to assess executive function. The participants were asked to find the route from the start to the exit of the seven mazes on the paper. The time needed to complete the task was recorded.
The word recognition task was considered to be a general measure of retrieval and retention of the memory process. The participants were given three trials to remember a list of 12 words in block letter printed on white cards. Then the participants were given another set of words, with some of the words were printed on the cards, but some of the words were not printed on the cards. Scoring was one point for each word when the participant did not remember it. The average total learning over three trials was examined.
Secondary outcomes comprised those described below.
1. The Thai version of HADS c comprised an anxiety and depression assessment tool. It consisted of 14 question; 7 questions for anxiety and 7 questions for depression. Each item had been answered by the patient on a four point (0-3) response category. Scores ranged from 0 to 21 for anxiety and 0 to 21 for depression. A score of 11 or more was generally considered to indicate anxiety or depression [14] .
2. The Chula ADL Index was the Thai version and was used in this study under the term IADL, which assessed the ability to perform complex tasks such as shopping and housekeeping. The IADL indicated the ability to exist in the community independently, including the ability to perform daily tasks. Scores ranged from 0 to 9 [18] .
Statistical Analyses:
Statistical analyses were performed using 
RESULTS

Demographic analyses and baseline characteristics
A detailed flow chart of the present study is shown in Fig 1. Of the 98 participants referred to the trial, 80 participants met eligibility criteria and completed base line assessment. Of this group, 40 were randomized to the intervention group and 40 were randomized to the control group. Three participants in the control group did not complete the study. Therefore, the participants' dropout rate was 3.75%.
Patients' characteristics at baseline for each group are shown in Table 2 . On average, participants were young-old (mean age 66.23±4.64 years in the intervention group vs. 65.11±4.08 years in the control group). Most participants were female (80% vs. 73%), most had obtained a bachelor's degree (63% vs. 59%), had a chronic medical conditions (83% vs. 89%), exercised regularly (95% vs. 79%), and had leisure activities (85% vs. 92%). No significant intergroup differences were found between age, gender, marital status, level of education, existing medical conditions, lifestyle such as exercise, leisure activities and participation in social activities, body mass index and the scores of MoCA, subtests of ADAS-Cog, HADS and IADL at baseline data. Table 3 illustrates baseline and follow-up data of neuropsychological tests for the intervention and control groups. For MoCA, scores at the baseline survey in the intervention group (27.83±1.34) increased significantly after the cognitive training (28.43±1.55, P = 0.032). For the word recall task, scores at the baseline survey in the intervention group (2.99±1.28) were significant decreased after the cognitive training (2.43±1.21, P = 0.016). Scores of the word recognition task showed a significant reduction between pre-and postparticipation in the intervention group (5.34±2.17 vs. 4.35±1.98, P = 0.010). No significant differences were found in either group before and after the cognitive training in the measure of the construction praxis, the number of cancellations, delayed recall and the maze test. Table 4 illustrates baseline and follow-up data of HADS and IADL for the intervention and control groups. For HADS, both anxiety and depression scores decreased in the intervention group (mean + SD: -0.20±2.15 and -0.43±2.17, respectively). In contrast, both anxiety and depression scores increased in the control group (mean + SD: 0.59±1.98 and 0.76±2.17, respectively). Moreover, depression scores significantly increased in the control group but not in the intervention group (P = 0.039 and P = 0.259, respectively). Compared to the baseline level, IADL scores increased in the intervention group but not in the control group (mean + SD: 0.13±0.61 and -0.05±0.33, respectively). However, no significant changes were observed in the intervention and control groups (P = 0.206 and P = 0.317, respectively). Mann-Whitney U test. Change, Month 6 -Baseline; HADS, the Thai version of Hospital Anxiety and Depression Scale; IADL, the Chula ADL Index; SD, standard deviation
Effects of intervention on mood and IADL:
DISCUSSION
The results of the present study showed that a multicomponent cognitive training using the TEAM-V Program significantly benefitted global cognitive function and memory. Although intergroup differences did not achieve statistical significance, mood and IADL scores also showed improvement in the intervention group.
The improvement of cognitive function may be explained by the fact that cognitive training enhances resting state neural activity and connectivity [19] , increasing the blood supply to these regions via neurovascular coupling [20] . In the intervention group, our findings demonstrated significant improvements in immediate recall memory and retrieval memory processes, which were observed on decreasing errors of word recall task scores and word recognition task scores. However, visuospatial, attention and executive functions did not improve significant. Memory problems are common concerns for general older adults. Therefore, the TEAM-V Program provided two sessions for memory training, but other domains had one session per domain. For example, the cognitive training of executive function with breakfast cooking task by Wang and colleagues lasted five weeks with one session weekly. The training session lasted for about one hour. Participants had to switch, update and plan to control the cooking of several foods while concurrently setting the table. The cooking training task significantly improved participants' executive function [21] . Compared with the TEAM-V Program, executive function training provided only one session of planning and making a sandwich with limited resources. Therefore, the duration of training and complexity of tasks in the session may not have been sufficient to significantly improve executive function. Overall, many positive studies used higher intensity cognitive training (often more than 150 min weekly) [2, 22] more than the TEAM-V Program.
The control group had both higher mean scores of Thai HADS in anxiety and depression scores compared with their baseline scores. The depression scores were significantly higher. On the other hand, the intervention group had both lower mean scores of Thai HADS in anxiety and depression scores. Thus, the training program helped to improve the mental health of participants. Interaction with others during group activities could have helped participants improve their self-esteem and enjoy activities that would have helped them to achieve better mental health. Recent publications have consistently shown cognitive trainings increased positive mood among healthy older adults [23] , at risk of dementia [24] and people with Alzheimer's Disease [25] .
In the present study, no significant changes were found in IADL scores in both intervention and control groups, but trend was found towards improvement in the intervention group. Possibly, successful completion of ADL depends upon having the cognitive skills, e.g., memory and executive function, necessary to accomplish the tasks [26] . However, our study involved short term follow-up and the sample size was insufficient to demonstrate significant improvement of ADL. An experimental study among 2,832 healthy older adults with ten years follow-up found that in three intervention groups of cognitive training by memory training, reasoning training or speed training was reported as less difficult regarding IADL compared with the control group [27] . Cognitive training may improve IADL among people with dementia more than among healthy older adults. In an experimental study of cognitive training among healthy older adults, minor neurocognitive disorders and Alzheimer's Disease also found IADL were significantly improve in the intervention group of Alzheimer's Disease, but not in the group comprising minor neurocognitive disorders and healthy older adults [28] .
Some limitations were observed in the present study. It should be note that in both groups the percentage of females was greater than that of males. The use of treatment-as-usual control had limited interpretation of the training effects found. An improved design such as including active control may have better clarified the nature of the training effects found. Possibly, the improvements in global cognition, memory and depression may have been attributed to nonspecific effects from factors such as other interventions that may have formed part of a patient's routine management or cognitive training undertaken by participants of their own accords. In addition, sample size and longitudinal follow-up (at least 7-14 years) [29] could be extended in future studies to strengthen the study findings. Moreover, future research should include holistic assessments such as lifestyle factors such as physical exercise [30] , brain imagery techniques and biomarkers to identify the specific aspects related to cognitive improvement regarding cognitive training.
Given the results of the present study, it could be concluded that group-based multicomponent cognitive training using the TEAM-V Program had a potential in helping to improve cognitive function, to reduce anxiety and depression and to enhance function of IADL among healthy older adults.
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